Abstract-Processing of meteorological satellite image data provides a wealth of information useful in earth surface and environmental applications. Particu larly, it is important for the estimation of different parameters of surface energy budget. In this work, a method has been developed to estimation of hourly inco ming solar radiation on the surface of Bangladesh using NOAA-AVHRR satellite dig ital images. The model is based on the statistical regressions between the ground truth and satellite estimated values. Hundreds of full resolution images (1.1 km) fo r two months of the year have been processed using ERDAS IMA GINE software. Ground solar global irrad iation for one place has been estimated for two months through this application. The efficiency of this method for calculating surface insolation has been checked by estimating the relat ive deviation between the estimated Irradiat ion and measured Irrad iation. The method can be used for calculation of hourly irradiation over areas in a tropical environment.
I. Introduction
The data of solar radiant energy incident on the earth's surface and its distribution is gaining increasing importance, not only in solar energy develop ment but also for agriculture, weather and climate mon itoring and predictions.
So lar rad iation falling on the earth's surface in the visible and near-infrared wavelength range (0.3μm -3.0μm) is usually measured on the ground by means of pyranometers. But this needs hundreds of pyranometer stations to map the spatial variability of solar irradiance for a larger reg ion. Th is is practically impossible, because ground measurements suffer fro m high costs for purchasing of equipment, adequate maintenance and time consuming data screening. An alternate solution to this problem is to calculate the distribution of solar radiat ion incident on the earth through the analysis of images of meteorological satellites. Thus, proper processing of satellite data provides a wealth of informat ion needed in the production of solar atlases which is useful for planning purposes [1] , [2] .
In this work we have developed a model to estimate hourly solar radiation incident on the earth's surface by analyzing digital images of National Ocean ic and Atmospheric Administration (NOAA) of USA polar orbiter satellite. When crossing the atmosphere, solar radiation suffers co mplex interactions of scattering and absorption by the atmospheric co mponents. The degree of these interactions varies considerably fro m place to place and season to season. Also, the complex geo metry between the sun, satellite and earth makes the satellite based solar radiation estimat ion a time consuming and relatively difficult task. In our method, we have used statistical regression technique which requires ground measured data as the input for the satellite based methodology [3] , [4] , [5] .
The basic idea of this method is that the amount of the cloud cover over a given area statistically determines the global radiation for that area. Thus the processing is divided into two steps: a cloud cover index (presence of cloud and its optical property) is derived for each location or pixel of the original satellite image and subsequently used in a second step for a statistical estimation of the global radiation [6] .
One of the most impo rtant factors that affect both the incoming solar radiation at the earth's surface and the solar radiat ion emerging fro m the atmosphere, is the change in the sun zenith angle and the corresponding change in the air mass through which the sun radiation travels. The goal of the work is to show the entrance and overview methodology of the satellite mon itoring of the earth by remote sensing. Many algorithms have been developed for its estimation fro m satellite data. In a review paper, Noia et al. (1993) described the best known methods developed using both the statistical and physical models fro m geostationary satellite data. A lso there are some other methods developed fro m sun synchronous polar orbiter satellite data [7] , [8] .
The remainder of this paper organized as fo llo ws. Section II provides the operational procedure of determination of the cloud cover index, relation between cloud cover index and ground measured transmission factor, and determination of hourly global radiation at ground. Section III explains the results and discussion from the training data set and estimation data set. Conclusion is given in the final section.
II. Operational Procedure
The method used in this study is a statistical one. In this method, satellite images are processed as monthly basis. Each pixel of one image has been compared to the corresponding pixels of all images of the given month and the min imu m values obtained for each pixel has been retained. The image thus obtained is called reference ground albedo image. The same procedure has been followed taking the maximu m values for each pixel fo r the same time series images of the month and has been retained as reference cloud albedo image.
In this work, the study area is the geographical area at Bogra in Bangladesh which is located between 2485 north latitude and 8937 east longitude. [9] The cloud cover index n t (i, j) at point (i, j) fo r a g iven time t is defined as a function of the ground reference albedo ρ(i, j), the instantaneous albedo at the same point as measured by the satellite ρ t (i, j) and the cloud reference albedo ρ c .
Determination of Cloud Cover Index
It is co mputed for each pixel using the following formula
The magnitudes of cloud cover index ranges fro m 0 to 1 and can be interpreted as the percentage of the cloud cover per pixel.
Statistical relati onshi p between Cl oud Cover
Index and Ground Measured Trans mission Factor [9] The method uses linear reg ression between the satellite determined cloud cover index and the ground measured transmission coefficient. Th is simple and efficient approach is based on previous work fro m Bourges.
The total atmospheric transmission factor K(i, j) is defined as the ratio of global radiation at ground on a horizontal surface G(i, j) to the irradiance outside the atmosphere G 0 (i, j)
This quality ranges fro m 0.2 to 0.8. if one interprets the cloud cover index n t (i , j) as the percentage of pixel covered by clouds, the global ground irradiance at time t is expressed as a linear combination
Where, G b is the global ground irradiance for overcast G c is the global ground irradiance for clear skies.
For each of these extreme condition, one can define a transmission factor respectively K b and K c which is supposed to be constant for a given hour. Th is realistic hypothesis leads to the following linear relation
Where coefficient a corresponds to the slope of the curve and b represents the atmospheric transmission factor with a clear sky, wh ich is a mo re stable coefficient than a, which is ext remely influenced by cloudiness conditions. The a and b are assumed to be constant for a period of one month for each point of the surface.
Determinati on of Hourly Gl obal Radi ati on at Ground
If it is assumed that the field of coefficients a and b for each pixel is stable in time or slowly varying on a seasonal basis. It is thus possible to estimate the transmission factor for each new image as follows
The estimat ion of the hourly global radiat ion is then deduced as follows
For satellite images, the procedure consists of working with a set of images, in this case, all dynamic images of the months; May and November. The visible image channels are used to detect the clouds and the albedo of both the ground and the clouds. Coefficients a and b are determined fro m field data defining a linear regression between a transmission factor deduced from the solar rad iation data measured at ground and the cloud index at the same location determined fro m satellite. Hourly global solar rad iation was then determined for the whole study area using the procedure shown in Fig. 1 
(i , j) = ρ t (i , j) -ρ(i , j) / ρc -ρ(i , j)
Regression 
III. Results and Discussion
The data fro m satellite sensor provides informat ion about the presence and its optical propert ies of clouds. On the other hand, data from ground measurements provide information about the atmospheric transmissivity. In our method, the monthly data set (cloud index and at mospheric transmission factor) are divided into two groups by random choice. One group is called 't rain ing data set' shown in Table 1 and Table  3 . On the other hand, the other group is called 'estimat ion data set' shown in Table 2 and Table 4 . Fro m the training data set regression coefficients 'a' and 'b' are obtained fro m the linear relat ion of Equation (6) . Here the coefficient 'a' represents the slope and 'b' represents the intercept of the line. These coefficients are then applied on the estimation data set to determine the hourly incident radiation on the earth's surface. Data of two months (May and November) have been processed for this work. Fig. 2 and Fig. 3 Performance of the method in estimat ing global solar radiation has been tested by calculating relat ive deviation, denoted by d, between the estimated and measured values. Table 5 and Table 6 present the relative deviation fo r all the data points for the study period. For few points it goes high. Th is result indicates that the method can be used for estimation of solar radiation on the surface of Bangladesh. Using the regression coefficient values, solar radiation incident on the earth surface has been determined using the above equations. Fig 4 and Fig 5 gives the scatter plot between pyranometer measured and satellite estimated irrad iation values for the study period. In these scatter plots, the diagonal line shows the exact fit between the measured and estimated values. 
IV. Conclusion
In this paper, a simp le statistical method has been presented for retrieval of inc ident solar radiation fro m a polar orbiter satellite data. The accuracy of the method has been tested by calculating relative deviation between the ground measured and satellite estimated values. The results thus obtained have been compared with other methods. It is found that the method's output has reasonably good agreement between the measured and model estimated radiation values.
